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Abstract— Free space optical (FSO) communication systems has received much attention in recent years 
as a cost-effective, license-free and wide-bandwidth access technique for high data rates applications. A 
direct line-of-sight (LOS) link offers numerous advantages compared to the conventional wired and radio 
frequency (RF) wireless communications. However, the performance of FSO communication severely 
suffers from turbulence-induced fading caused by atmos pheric conditions. In this paper the performance 
of modulation techniques like Pulse Position Modulation (PPM) and Quadrature Phase Shift Keying  
(QPS K) in Turbo Codes are studied over Additive White Gaussian Noise(AWGN) channel using 
MATLAB . The performance measures which are represented in this paper are Bit Error Rate (BER) 
and Signal to Noise Ratio (SNR).   
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I. INTRODUCTION 
Free space optical (FSO) communication is a part of 
optical communication technology. A free space 
optical communicat ion technique is simply  an optical 
transmission system which is used to connection of 
two points which have a direct  line of sight. In  the last 
few years, it has drawn a lot of attention of the world  
towards this technique.FSO system has emerged as an 
fast growing communication system in recent years 
and proved to be a reliable communication system. 
The system basically operate by taking a standard data 
or telecommunications signal, converting it into a 
digital format and transmitting it  through free space in  
the form of light with the help of some light 
source.FSO communicat ion offers an increased 
informat ion capacity in  comparison to radio  frequency 
(RF) based communication system. FSO system 
provides many advantages over conventional 
communicat ion systems. The range of FSO 
communicat ion are very h igh in  comparison to the 
other communication system. The electromagnetic 
spectrum used in free space optics is licence free, the 
FSO system requires less deployment time as 
compared to RF system as the FSO system 
architecture require less cables, initial set up value of 
FSO system is also less and it consumes very less 
power [1].There are  recently some efforts to introduce 
FSO to the first-mile access environment, especially in  
remote/isolated areas with low density user or in those 
areas where cable installation is difficult or delayed.  
Though FSO has many advantages but like any other 
system it also has some disadvantages. In the 
atmospheric conditions free space communicat ion has 
major challenge that it has to deal with different 
atmospheric conditions which can dramatically impair 
the system performance such as fog, heavy rain, dust, 
attenuation, scattering, turbulence etc but in the inter 
satellite communication link as there is no atmosphere 
so there will error only due to the turbulence. The 
turbulence is caused by various planets and cosmic 
rays in the free space i.e. universe. Turbulence can 
cause fluctuations in both the intensity and the phase 
of the received signal. These fluctuations can lead to 
an increase in the link error probability, which  limits 
the performance of FSO system [2]. 
 
Fig 1: Block Diagram of Free Space Optical 
System 
A typical FSO system consists of a transmitter section 
and a receiver section separated by the channel. The 
transmitter uses a laser source with maximum optical 
output power. The intensity of the output of a laser 
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varied according to the modulating data format. The 
receiver consists of an optical telescope and photo 
detector to receive the signal and detect the data from 
the received signal [3].In this paper, we, therefore, 
propose to use a realistic model of Gaussian pulse 
propagation in order to comprehensively analyze the 
impact of turbulence on the performance of two  
modulations techniques used for the FSO systems. 
This model should be able to analyze all the effects of 
turbulence. 
II. MODULATION TECHNIQUES  
The modulation technique used has a direct impact on 
the performance of a communicat ion system and has 
to be chosen carefully.There are many modulation 
methods suitable for free space optical communicat ion 
system. Each  modulation technique has its unique 
features as well as challenges. Here in our paper we 
are taking PPM and QPSK for analysis. PPM is used 
for its power efficiency. M-slots are d ivided in PPM. 
Whereas, QPSK is the phase modulation algorithm. It  
is a bandwidth efficient dig ital modulat ion technique. 
A. Pulse Position Modulation(PPM): 
PPM is used widely in satellite communications and 
deep space communications. Several variants of PPM 
are proposed, each with  its own unique advantage. 
Pulse Position Modulation (PPM) is a modulation 
technique proposed main ly to increase transmission 
efficiency in the FSO systems. In this scheme, each 
symbol interval of duration T=log2 (M/Rb) is 
partitioned into M slots, each of duration Ts =T/M, 
and the transmitter sends an optical pulse during one 
of these M slots. The transmit pulse shape is given by 
[4]. 
 
      
        
      
 
        
                                      
  
Where m= {1, 2 … M}, and P is the pulse power. 
PPM is more power efficient and resilient to noise. It  
is basically  orthogonal modulation technique and used 
in optical communication because of its unparallel 
power efficiency. As every good thing has something 
disadvantage same the ppm has disadvantage is that it 
is rapid decline of bandwidth efficiency with 
increasing power efficiency affo rded by larger 
constellation size [5]. 
B. Quadrature Phase Shift  Keying(QPSK): 
The “PSK” in QPSK refers to the use of Phased Shift 
Keying. Phased Shift Keying is a form of phase 
modulation  that is accomplished by using a discrete 
number of states. QPSK refers to PSK with 4 states. 
The ‘Quad’ in QPSK refers to four phases in which a 
carrier is sent in QPSK 0, 90, 180 & 270 degrees [6]. 
 
Table.1: Quadrature Phase Shift Keying  
These four phases help the QPSK to  encode two bits 
per symbol while representing the data. 
The bit error rate equation of QPSK modulation is 
given below [7]: 
BER=            
The amount of radio frequency spectrum required to 
transmit QPSK reliab ly is half that required for BPSK 
signals, which in turn  makes room for more users on 
the channel.  
III. PROBLEM STATEMENT 
Main problem in  any communication system is the 
noise added in the signal during transmission due to 
any sort of means which degrade the signal s trength. 
In FSO system the major problem is due to scattering, 
attenuation and turbulence.  
 
Fig.2: Atmospheric effects on FSO system [8]. 
A. Scattering:   
Cause of light wave attenuation in the atmosphere is 
scattering from aerosols and particles. The actual 
mechanis m is known as Mie scatter in which aerosols 
and particles comprising fog, clouds, and dust, 
roughly the same size as the light’s wavelength, 
deflect the light from its original direction [9]. 
Scattering is the loss of signal caused by the diffusion 
of a light beam. In  scattering there is no loss of energy, 
only a direct ional redistribution of energy which may  
cause reduction in beam intensity for longer distance. 
As the scattered wavelet travel a longer path to the 
receiver, arriv ing out of phase with the direct ray.  
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B. Absorption:  
Absorption occurs when suspended water molecu le in  
the terrestrial atmosphere extinguish photons. This 
causes a decrease in the power density (attenuation) of 
the FSO beam and directly affects the availability of 
the system.  
C. Turbulence:  
Most important impairment in the FSO system 
performance is the atmospheric turbulence. The 
atmospheric turbulence caused by both temporary and 
special random fluctuations of the refractive index 
along the optical propagation path. Clear air 
turbulence impairs the performance of the FSO due to 
the fluctuation in the intensity of the laser beam.  
In-homogeneity in the temperature and pressure 
fluctuations leads to variations in the refractive index, 
results in atmospheric turbulence. Atmospheric 
turbulence causes the random fluctuations of the phase 
and intensity of the received 
signal known as channel fading. Intensity fluctuations 
caused by channel fading leads to an increase in the 
system’s bit error rate (BER) [10]. 
Though all these factors limits the working of FSO 
communicat ion system but in this paper we are 
considering turbulence as the main signal degradation 
factor and representing that using AWGN channel.  
Where, AWGN channelis a basic noise model used 
in Information theory to mimic the effect  of many 
random processes that occur in nature. The AWGN 
channel is a good model for many satellite and deep 
space communicat ion links. 
IV. MEAS URING PARAMETERS  
A. Bit Error Rate: 
Bit Error Rate is the percentage of bits that have errors 
relative to the total number of bits received in a 
transmission, usually expressed as ten to a negative 
power [11]. 
    
                
                         
 
B. Signal to Noise Ratio: 
Signal-to-noise ratio (SNR) is defined as the ratio 
ofthe desired signal power to noise power.SNR 
indicates the reliab ility of link between the transmitter 
and receiver [12]. 
    
         
        
 
SNR may be expressed in decibels as: 
SNR=10 Log10(SNR) 
 
 
V. WORKING FLOW CHART 
 
Fig. 3: Flow chart of working 
System model consists of three sections i.e., 
Transmitter, Receiver and Channel. The transmitter 
converts the electronic signal into optical signal (light), 
the light than travel through the free space to the 
receiver which converts the light back into electrical 
signal. Similarly, we have simulated the complete 
process. The above shown flow chart describes the 
whole working:  
  
A. Transmission: 
First of all we have to define the data input to be 
transmitted through the channel. 
Then NRZ modulation of the input data is to be 
performed. 
Next  we will define the modulat ion techniques with 
which we want to modulate the signal to reduce the 
error. 
Then the signal encoding is performed by using Turbo 
encoder. And signal is than transmitted through the 
channel. 
B. Channel: 
In the inter-satellite communication, our channel will 
be the free space in the universe. There is vacuum all 
around and the only disturbance is due to the 
turbulence caused by the cosmic rays.  We will use 
AWGN channel to represent the turbulence effect on 
the transmitted signal. 
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C. Receiver: 
At receiver end first of all the received signal is 
decoded using Turbo decoder. 
After that, demodulation of the received signal is done 
to extract the input data bits. 
Now the main concern is BER, here the BER is 
calculated and a whole process of data acquisition is 
madeand error finding programme is done in the 
receiver section. 
D. Turbo Coding: 
Turbo code is a very powerful error correct ing 
technique, which enable reliable communication with 
Bit Error Rate (BER) close to Shannon limit. Turbo 
codes are in fact a parallel concatenation of two 
recursive systematic convolutional codes. The 
fundamental d ifference between convolution codes 
and turbo codes is that while for the former, 
performance improves by increasing the constraint 
length, for turbo codes it has a s mall value which  
remains pretty much constant. Moreover, it achieves a 
significant coding gain at lower coding rates. An 
important factor for achieving this improvement is due 
to the “soft-input/ soft-output” decoding algorithm to 
produce soft decisions [13]. 
Turbo Encoder: 
The general structure of a turbo encoder is shown in 
Fig. 1. It  consists of two rate half Recursive 
Systematic Convolutional (RSC) encoders C1 and C2. 
It should be noted that the trellis structure and free 
distance for the RSC and Non Systematic 
Convolutional (NSC) codes are the same. The output 
sequences, however, are not the same for identical 
input sequences. The N bit data block is first encoded 
by C1. The same data b lock is also interleaved and 
encoded by C2.The main purpose of the interleaver is 
to randomize bursty error patterns so that it can be 
correctly decoded. It also helps to increase the 
minimum d istance of the turbo code. The RSC code 
can be obtained from a NSC by adding a feedback 
loop and setting one of the output bits equal to the 
input bits. In order to increase the transmission 
efficiency, puncturing can be used. Puncturing is 
removing certain b its from the output stream 
according to a fixed pattern given by a puncturing 
matrix [14]. 
Turbo decoder: 
A Turbo decoder consists of two single soft-in soft-out 
(SISO) decoders that work iteratively. The output of 
the first (upper decoder) feeds into the second to form 
a Turbo decoding iteration [15]. 
Turbo codes are decoded using a method called  the 
MLD (Maximum Likelihood Detection). Filtered  
signal is fed to the decoders, and the decoders work on 
the signal amplitude to output a soft “decision”. The 
priori probabilities of the input symbols are used, and 
a soft output indicating the reliability of the decision is 
calculated which is then iterated between the two  
decoders. 
VI. RES ULTS  OBTAINED AND ANALYS IS 
Graphs obtained shows the performance of the Turbo 
codes with PPM and QPSK modulation technques are 
shown below: 
 
Fig.4:  Performance of Turbo Decoder with PPM 
Modulation 
S. No. BER SNR (dB)(PPM) 
1. 10
-2
 0.3 
2. 10
-3
 1.5 
3. 10
-4
 Would not reach as it 
attains a constant value 
Table.2: BER vs SNR for PPM Modulation 
i. As we can see from fig 6.1 that BER of 10-3 can 
be achieved at SNR 1.5 dB. 
ii. Also it is concluded that as SNR is increasing 
BER of the system is also increasing. 
iii. So, from the values received from above fig, we 
can conclude that if we want to increase the 
efficiency of the system, we need to increase the 
SNR. 
 
Fig.5:  Performance of Turbo Decoder with QPSK 
modulation 
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S. No. BER SNR (dB) (QPSK) 
1. 10
-2
 0.1 
2. 10-3 0.8 
3. 10
-4
 At 3 
Table.3: BER vs SNR for QPSK Modulation 
i. From the above graph, we can see that for the 10-
2 
BER, SNR value is 0.1 dB, fo r BER 10
-3
 SNR 
is 0.8 dB and BER 10
-4
 is achieved at SNR 3 dB. 
ii. From these values received from the above graph 
it is shown that QPSK has better performance 
with Turbo codes in inter-satellite link as BER of 
10
-4
 is achieved at 3dB SNR while in PPM 
modulation the same BER would not be achieved 
as the system attains a constant value after 2dB 
SNR. 
VII. CONCLUS ION 
From the comparative analysis of simulat ion of the 
inter satellite FSO communication link using Turbo 
coder as a channel encoder using with PPM and QPSK 
modulation, we conclude that QPSK modulation can 
serve more efficiently in comparison to the PPM 
modulation  as the higher BER in  QPSK is achieved at  
lower SNR value while in OOK same is achieved at 
higher SNR values. Thus we can say that QPSK 
modulation required less than half of the signal 
strength to transmit data in the system with 10
-4 
BER 
to that of the signal strength required by PPM 
modulation. Thus it is more suitable for inter satellite  
FSO communication system where power is a main  
considering factor when we thought of deployment of 
any inter satellite communication link.  
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